ABSTRACT
INTRODUCTION
Over the past 10 years, the polymerase chain reaction (PCR) has become one of the key procedures in molecular science and in molecular diagnostics. Its tremendous sensitivity allows detection of a single molecule with a specific DNA sequence in more than 100 000 genomes. Although the PCR is conceptionally simple and basically depends on the use of a heat-stable DNA polymerase (15) , several additional factors have to be optimized. For successful and sensitive amplification of a specific DNA/cDNA target, the first few reaction cycles are especially crucial (16) . If reaction components are mixed at low or permissive temperature (4°-25°C), nonspecific primer annealing and extension can occur (3) , which results in misprimed products and primer oligomers. The manual hot-start procedure was developed to circumvent those problems (5) . Unfortunately, addition of the missing key reactant to the reaction at temperatures between 60°and 80°C is very inconvenient and prone to carryover.
Here we describe the advantages of a new enzyme, AmpliTaq Gold™ DNA Polymerase, in the specific amplification of 13 cDNAs of cytokines and cytokine receptors in three multiplex PCRs [(i) Interleukin (IL)-2 receptor (R)α, IL-2/15Rβ, common γ-chain (γ c ), IL-4 and IL-4Rα; (ii) IL-10, IL-15 and IL-15Rα; and (iii) IL-2, interferon-gamma (IFNγ), IL-7, IL-7Rα and IL-9Rα] in comparison with conventional AmpliTaq ® DNA Polymerase, with and without manual hot start.
This thermostable DNA polymerase is a modified recombinant form of Taq DNA polymerase and is provided in an inactive state. It regains activity at temperatures above those suitable for primer annealing and is activated irreversibly by adding a pre-PCR heat step at 92°-95°C for 9-12 min.
Furthermore, we demonstrate a new application of AmpliTaq Gold DNA Polymerase in a time-release PCR protocol. In time-release PCR, the enzyme is activated gradually during thermal cycling, allowing the amplification of low-copy-number DNA/cDNA with very high sensitivity. This enables the reliable and reproducible amplification of IL-9 cDNA in the Hodgkin's lymphoma cell line KM-H2, peripheral blood mononuclear cells (PBMC) and phorbol 12-myristate 13-acetate (PMA)-stimulated PBMC.
With respect to investigation of hematological disorders, IL-2, IL-4, IL-7, IL-9 and IL-15 and IL-10 as a suppression factor of cytokine production in CD4+, CD8+ T cells and natural killer (NK) cells are of interest. The receptors of these cytokines, apart from the IL-10 receptor, belong to a hematopoietic receptor superfamily characterized by sharing the common γ -chain ( γ c ), which is required for effective signal transduction (10) . Defects of cytokine and cytokine-receptor genes are associated with a number of diseases, tumor growth and decreased tumor defense mechanisms (1, (7) (8) (9) 11, 17) .
MATERIALS AND METHODS
Human PBMC were isolated from blood of healthy donors by Ficoll ® density gradient centrifugation (Seromed ® ; Biochrom KG, Berlin, Germany). To detect IL-9 cDNA, PBMC were stimulated with PMA (Sigma-Aldrich Chemie GmbH, Deisenhofen, Germany) at a concentration of 2 ng/mL for 24 h. The cell line KM-H2 (human Hodgkin's lymphoma; DSM ACC 8) was obtained from DSMZ, German Collection of Microorganism and Cell Cultures (Braunschweig, Germany).
Total cellular RNA was isolated from 1 × 10 7 PBMC and KM-H2 cells by an RNeasy ® Kit (Qiagen GmbH, Hilden, Germany). Reverse transcription (RT) into cDNA was performed in a 40-µ L reaction containing 100 pM hexanucleotides (Boehringer Mannheim GmbH, Mannheim, Germany); first-strand buffer; 5 mM dithiothreitol (DTT); 500 µ M of each dATP, dGTP, dCTP and dTTP; and 400 U of S UPER -S CRIPT ™ II H -Reverse Transcriptase (all from Life Technologies GmbH, Eggenstein, Germany). The reaction mixture was incubated at 37°C for 45 min and inactivated at 94°C for 5 min.
Altogether nine multiplex PCRs were performed. The efficiency of both AmpliTaq Gold DNA Polymerase and AmpliTaq DNA Polymerase (both from PE Applied Biosystems GmbH, Weiterstadt, Germany), with and without manual hotstart procedure, was compared in three different assays consisting of three multiplex PCRs. For each assay, an identical master mixture was prepared containing 9 µ L GeneAmp ® 10× PCR buffer [15 mM MgCl 2 , 500 mM KCl, 100 mM TrisHCl, pH 8.3, 0.01% (wt/vol) gelatin] (PE Applied Biosystems), 9 µ L 2 mM dNTP-Mix (Life Technologies) and 3 µ L cDNA mixture of PBMC.
Then either 3 U AmpliTaq Gold or 3 U AmpliTaq were added, respectively. Only for manual hot-start using AmpliTaq, the enzyme was added to the reaction mixture at 94°C during initial denaturation. Finally, the master mixture was divided into three equal 7.2-µ L aliquots and the following combinations of specific oligonucleotide primer pairs (TIB Molbiol GmbH, Berlin, Germany) were added to each tube: Table 1 lists the primer pairs for the amplification of the investigated cytokines and cytokine receptors as well as the corresponding PCR product lengths and the gene locations. The primer pairs for the amplification of IFNγ , IL-2, IL-4, IL-10, IL-2R αand IL-2/15R β were previously described by Platzer et al. (12) .
The multiplex PCR mixtures were first amplified for 5 cycles, with denaturation at 94°C for 1 min, primer annealing at 62°C for 45 s and primer extension at 72°C for 1 min, 25 s. The reaction mixtures were then amplified for 29 cycles with denaturation at 94°C for 1 min, primer annealing at 62°C for 30 s, primer extension at 72°C for 45 s and a final extension step at 72°C for 10 min. Initial denaturation for cDNA amplification with AmpliTaq was 5 min. For AmpliTaq Gold, the Oligonucleotide primer sequences indicated with (*) were previously described by Platzer et al. (12) . required 10-min pre-activation step at 94°C was performed.
Three different time-release PCR assays for the detection of IL-9 cDNA in PBMC (PMA±) and KM-H2 cells were performed to compare AmpliTaq Gold with AmpliTaq, with and without manual hot-start procedure. For each assay, a master mixture was prepared containing 9 µ L GeneAmp 10× PCR buffer, 9 µ L dNTP-Mix, 30 pmol of each 5 ′ -and 3 ′ -specific IL-9 oligonucleotide primers (see Table 1 ) and either 3 U AmpliTaq Gold or 3 U AmpliTaq, respectively. In the manual hot-start procedure, AmpliTaq was added to the reaction mixture at 94°C during initial denaturation. Finally, the master mixture was divided into three 8.2-µ L aliquots, and 1 µ L cDNA of KM-H2 cells, PBMC or stimulated PBMC was added. All time-release PCRs were carried out in a 30-µ L reaction volume.
Cycle conditions were established as follows: after pre-activation at 94°C for 3 min, 60 cycles of primer annealing at 65°C for 30 s, elongation at 72°C for 1 min and denaturation at 94°C for 1 min were performed, followed by a final extension step at 72°C for 10 min.
PCRs were performed in a DNA Engine ™PTC-200 Thermal Cycler (MJ Research, Watertown, MA, USA). The PCR products were separated by electrophoresis on a 2% MetaPhor ™Agarose Gel (FMC BioProducts, Rockland, ME, USA) with 120 V for 1 h, 30 min at 4°C and stained with ethidium bromide (Sigma-Aldrich Chemie). Gels were photographed with the Gel Doc 1000 ™ Gel Documentation System and analyzed with Molecular Analyst ® Software Version 1.4 (both from Bio-Rad GmbH, Munich, Germany).
The sequences of all PCR products were confirmed by direct sequencing using the DNA Sequencing Kit and the ABI PRISM™ 377 DNA Sequencer (both from PE Applied Biosystems) (data not shown).
RESULTS AND DISCUSSION
With the advent of PCR technology for analysis of DNA/cDNA, it is feasible to perform studies on low number of cells. Furthermore, molecular-genetic results can be obtained within a short time. Nevertheless, although only small amounts of material are required for each PCR analysis, extensive diagnostic and scientific investigations are often restricted by limited availability of material. Therefore, economical methods are needed to conserve as much patient sample as possible. Multiplex PCR strategies offer this potential, but unfortunately, the establishment of such procedures poses several difficulties. Yet, these can be minimized by the application of the new AmpliTaq Gold DNA Polymerase.
The majority of the multiplex PCR systems described previously have been established to amplify genomic DNA simultaneously. Birch et al. (2) have already demonstrated the benefit of AmpliTaq Gold DNA Polymerase in the amplification of viral genome [human immunodeficiency virus Type 1 (HIV-1)], of small ribosomal RNA subunits from Mycobacterium tuberculosis and the co-amplification of cystic fibrosis genes.
In this study, three multiplex PCRs were designed to amplify a large number of cytokine/cytokine-receptor cDNAs in human PBMC to simplify and to accelerate the investigation of these cytokines in diagnostics and research. For the multiplex PCRs, all oligonucleotide primers were complementary to sequences contained in the coding sequence of each gene and were designed to attain similar melting temperatures (T m ). They were chosen to span different exons and optimized using the OLIGO™program (14) .
Furthermore, different PCR product lengths were selected to distinguish between the amplified products by agarose gel electrophoresis. Thereafter, PCR conditions were primarily established for each product separately by optimizing annealing temperatures, primer concentrations, reaction buffers (i.e., concentration of monovalent cations) and PCR kinetics.
The intention was to establish three different multiplex PCRs by combining, in the first tube, IL-2, IL-4 and their corresponding receptors (IL-2R α , IL-2/15R β , γ c , and IL-4R α ); in the second tube, IL-15, IL-15R αand IL-10; and in the third tube, IFNγ , IL-7, IL-9 and the corresponding receptors IL-7R αand IL-9R α . However, IL-2 could not be included in the first PCR, because the amplified products of IL-2 and IL-2R α could not be separated distinctly by gel electrophoresis. Thus, IL-2 was included in tube 3. Because of difficulties detecting IL-9 cDNA in human PBMC, it had to be excluded from the multiplex PCR system. The integrity of cDNA was controlled by internal amplification of GAPDH ( Although PCR conditions for the amplification of each single cDNA had been carefully established, further adaptations were required for the multiplex PCRs. To achieve the same PCR condition for each assay, annealing temperatures, reaction buffers and cycle conditions were adapted. For the simultaneous amplification of longer fragments with identical efficiency as in single PCR, the elongation time had to be prolonged. Most importantly, in the final adjustment of multiplex PCR, the concentration of each individual primer had to be 156BioTechniques
Vol. 24, No. 1 (1998) gradually determined. Besides optimal reaction conditions, this turned out to be crucial for the sensitivity of the multiplex PCR. The application of denaturing agents such as dimethyl sulfoxide (DMSO), glycerol and formamide in the multiplex PCR assays did not improve the amplification specifity. The manual hot-start PCR is a widely used method that is recommended for multiplex PCR protocols to achieve higher template specificity. Generally, the application of manual hotstart methods leads to improved specificity (Figure 1, lanes 4,  5 and 6 ) compared to standard PCR procedures using Taq DNA polymerases, wherein even positive controls, e.g., GAPDH or β -actin, are poorly detectable (Figure 1, lanes 1, 2  and 3 ). Yet, the amplifications with AmpliTaq DNA Polymerase were less efficient than those using AmpliTaq Gold DNA Polymerase (Figure 1, lanes 7, 8 and 9) . Results with AmpliTaq Gold were even more sensitive and specific compared with manual hot-start PCR.
The new application of AmpliTaq Gold in a time-release PCR enabled the reliable and reproducible amplification of IL-9 cDNA in the Hodgkin's lymphoma cell line KM-H2, PBMC and stimulated PBMC. No IL-9 cDNA can be detected in PBMC in the absence of any stimulation or after B-cell or monocyte activation, thus it was difficult to amplify this target with routine protocols (4,6,13). Houssiau et al. previously demonstrated IL-9 mRNA induction in human T cells stimulated with PMA for 28 h. The induction of the IL-9 gene requires a cytokine cascade involving IL-2, IL-4 and IL-10 (6).
For the detection of IL-9 cDNA by time-release PCR, the initial denaturation was reduced to 3 min, and 26 additional cycles were added that allowed slow activation of AmpliTaq Gold during thermal cycling (time-release). The same reaction conditions were used for the amplification with AmpliTaq, with or without manual hot-start procedure. Comparison of results revealed a higher specific yield and lower background with AmpliTaq Gold in contrast to amplification with AmpliTaq and manual hot-start PCR (see Figure 2) . KM-H2 cells are known to have detectable IL-9 cDNA, thus amplification is even possible with standard PCR protocols using conventional AmpliTaq, and nonspecific amplifications are rare (see faint band in Figure 2 , lane 1). Manual hot-start PCR facilitates the amplification of IL-9 cDNA in
